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NO DISCLOSURES



OBJECTIVES

• Communicate specific measures need to be done after a pediatric cardiac arrest

• For those that survive

• For those that die

• Learn about intermediate to long term post arrest care

• Discuss conditions that predispose pediatric patients to cardiac arrest

• Consider psychiatric issues after cardiac arrest

• Review issues regarding ECG screening



UPON ARRIVAL IN THE ER…

What’s Next?



IF THE PATIENT DOESN’T SURVIVE…

• Blood sample should be obtained for molecular autopsy

• History is vital

• Details of final event by on-the-scene observers is crucial

• Moment-by-moment detail is necessary

• History of events preceding final event

• Syncope, pre-syncope, palpitations

• Medications

• Family history

• Sudden deaths, unexplained accidents

• Unexplained seizures

• ICDs or pacemakers in young relatives



IF THE PATIENT DOESN’T SURVIVE…

• Need any AED recordings

• Documentation of arrhythmias preceding death is very 

important to potentially aid in diagnosis

• If possible, an echo should be done

• An autopsy is essential to assess for:

• Cardiomyopathy

• Myocarditis

• Coronary abnormalities



AFTER THE FUNERAL…

• Genetic counseling

• Create family pedigree

• Creates a “roadmap” of which family members need testing

• Explain the likely phenotype and genetic 

implications

• Explain risk for other family members



AFTER THE FUNERAL…

• Evaluation of family members

• Complete history of 1st degree relatives

• ECGs on mother, father, siblings

• Possibly will need echo, stress tests, Holters, etc depending on what the 

phenotype dictates

• Some may need psychiatric counseling



IF THE PATIENT SURVIVES 
CARDIAC ARREST…

• Full history of events leading to arrest

• Full neurologic evaluation of victim

• If patient is on mechanical ventilation, full assessment may need to be deferred 

until extubation

• Need to have blood drawn for possible molecular genetic testing

• Detailed history and family Hx is essential

• Pedigree is created

• Medications at the time of arrest
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IF THE PATIENT SURVIVES 
CARDIAC ARREST…

• Psychological evaluation of the victim is necessary

• If no reversible cause is found (drugs, low K+, etc) then the victim is likely to 

have an ICD implanted (Class I indication)

• ICD recordings can give some insight as to the cause of the cardiac arrest



CASE

• 13 year old female left in the car with 2 

younger brothers while the mother ran into a 

bank

• The 13 year old got impatient and put the car 

into drive with the car going over a curb before 

stopping

• She collapsed and was in cardiac arrest

• Intubated and resuscitated with near full 

neurologic recovery

• Was a straight A student

• Now getting C’s with some memory impairment



CASE

• Patient has ICD implanted

• Patient and family evaluation 

including ECGs and 

epinephrine challenge is 

negative

• 1 year later she presents for 

routine ICD follow-up

• This recording is found on 

her ICD:

Bidirectional Ventricular Tachycardia highly 

suggestive of Catecholaminergic Polymorphic 

Ventricular Tachycardia



CASE

• Pt found to have Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT)

• Genetic testing was positive for a mutation on RYR2

• One of two brothers had positive genetic testing for RYR2 

• Subsequent clinical testing was positive for polymorphic VT

• The brother was started on a beta blocker

• He decided to stop taking the beta blocker

• Had a cardiac arrest in a swimming pool

• Resuscitated and now has an ICD



CONGENITAL HEART DISEASE

• Defects that are present at birth

• Some corrected

• Some are only palliated

• Often associated with arrhythmias

• Cardiac arrest occurs at a higher rate than general population



COMMON DEFECTS

• Holes

• Atrial Septal Defects

• Ventricular Septal Defects

• AV Canal Defects

• Valves

• Aortic or Pulmonary 

Stenosis

• Tricuspid Atresia

• Mitral Atresia

• Pulmonary Atresia

• Aortic Atresia

• Ebstein’s Anomaly

 Great Vessels

 Transposition of Great 

Arteries (D and L types)

 Truncus Arteriosus

 Double Outlet Right Vent

 Double Inlet Left Vent

 Coarctation of the Aorta

 Great Veins

 Total or Partial Anomalous 

Pulmonary Venous 

Connections

 Absent Superior Vena Cava

 Dual Superior Vena Cavae

 Interrupted Inferior Vena Cava
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PROBLEMS IN PATIENTS WITH 
REPAIRED CHD

 Residual valve narrowing or leakage

 Decreased ventricular function

 Residual defects 

 Single ventricle 

 Surgical palliation - routes blue blood directly to the lungs and 

only red blood back to the atria/ventricles

 The patient’s only ventricle has to be devoted to pumping blood to high 

pressure dependent systemic arteries 

 Therefore no ventricle pumps blood to the low pressure lungs

Unrepairable right to left shunts (patients are blue)

 Rhythm disorders
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Coronary Artery Anomalies

• Usually Anomalous Left Coronary Artery 
presents in infancy with angina symptoms 
and cardiomyopathy

• Presenting symptom of other forms is often 
sudden death or exertional angina

• Other forms can include:
– Left main coronary artery arising from the right sinus of Valsalva 

(passes between the aorta and pulm artery

– Coronary ostial stenosis

– Single coronary ostium

– Intramural origin of the LAD

– Anomalous Right Coronary Artery (presents in 2nd to 3rd decades)
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Coronary Artery Anomalies

“Pistol” Pete Marovich

• Played high school career

• Starred at LSU

– NCAA scoring leader for 3 years 
averaging 43.8/44.2/44.5 pts
per game

• Played for New Orleans Jazz until 
sidelined by injury

• Died suddenly during a pick up game 
of basketball at age 40

– Found to have a single coronary 
artery
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Coronary Artery Anomalies

• Diagnosis can be difficult – echo/cath

• Only treatment is surgical –

re-implantation or rerouting of the 

anomalous coronary artery

• May need to treat for dilated 

cardiomyopathy including anti-CHF and 

anti-arrhythmic therapies



CARDIOMYOPATHIES

• Hypertrophic Cardiomyopathy (HCM)

• Dilated Cardiomyopathy

• Multiple causes

• Restrictive Cardiomyopathy

• Arrhythmogenic Right Ventricular Cardiomyopathy

• Left Ventricular Non-compaction
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Hypertrophic Cardiomyopathy

Hank Gathers - HCM



NORMAL VS HCM
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Maron

Basso



HYPERTROPHIC CARDIOMYOPATHY

• Abnormal thickening of the heart

• Autosomal dominant inheritance

• Can be due to abnormalities in muscle proteins or storage diseases

• Many genetic expressions

• Some patients have risk factors for sudden death

• HCM can result in heart failure



Maron, HCM Summit,2013

MRI



PEDIGREE OF HCM (MYBPC3) FAMILY –
DIFFERENT EXPRESSION

Septum = 34 mm

Septum = 19 mm

Septum = 8 mm

Septum = 12 mm

MYBPC3 (+) MYBPC3 (+)

MYBPC3 (+)

MYBPC3 (+)



Maron, HCM Summit 2013



DILATED CARDIOMYOPATHY

• Caused by a variety of etiologies:

• Familial

• Viral

• “Non-ischemic”

• Storage disease

• Patients can develop:

• Heart failure

• Lethal and non-lethal arrhythmias
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CHANNELOPATHIES

• Cardiac disease at the cellular level causing potential for life threatening 

arrhythmias

• Involves the opening (channel or pore) into cardiac cells that allows for 

movement of Na+, K+, and Ca++ in and out of the cells.  Abnormal formation 

of the opening can result in the rhythm problem.

• Typically due to genetic abnormality

• Therefore can be passed along to the patient’s children

• More difficult identify since the heart is structurally normal most of the time 

therefore they don’t have symptoms of poor cardiac output
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CHANNELOPATHIES

• Long QT Syndrome – hallmark channelopathy

• Catecholaminergic Polymorphic Ventricular Tachycardia

• Brugada Syndrome

• Short QT Syndrome

• Idiopathic ventricular fibrillation



LONG QT SYNDROME
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QT interval



TORSADE DE POINTES – DANGEROUS 
RHYTHM
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CHANNELOPATHIES AND ATHLETICS

 ACC guidelines restrict these patients to sedentary sports -

curling, bowling, and golf

 New data showing the incidence of cardiac events is low in 

Long QT patients participating in sports

 Many patients will be on beta blockers

 Side effects could affect athletic performance

 Syncope (fainting) during exercise is a potentially ominous

sign

 Athlete should stop participating immediately

 The athlete should be reassessed by their electrophysiologist
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COMMOTIO CORDIS

• Cardiac arrest caused by impact to the chest

• Earliest description in the literature in 1953

• First series of 4 pathology cases reported in 1984

• Maron reported 25 cardiac arrest victims from 3 – 19 years

• 7 had protective chest padding



From Maron, NEJM, 1995

COMMOTIO CORDIS



COMMOTIO CORDIS

From Maron, NEJM, 1995



From Maron, NEJM, 1995

COMMOTIO CORDIS



COMMOTIO CORDIS
From Link, Circ EP, 2012



PATIENTS WITH PACEMAKERS AND ICDS

 Pacemakers & ICDs are usually implanted in the left 

upper chest with wires entering the vein just under 

the clavicle

 Generally restricted only from football and martial 

arts

 Concern that leads (wires) would fracture where 

they enter the device

 More restrictions may be from the disease itself (i.e. 

channelopathy)
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TRANSVENOUS IMPLANTABLE 
CARDIOVERTER-DEFIBRILLATOR (ICD)
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Controversy of ECG screening 

in Pediatric Patients



WHAT AN ECG CAN DETECT

 HCM

 Anomalous coronary artery

 Long QT Syndrome

 Brugada Syndrome 

 WPW

 Dilated cardiomyopathy

 ARVC

 LVNC



What an ECG can miss

• HCM

• Anomalous coronary 
artery

• Long QT Syndrome

• Brugada Syndrome 

• WPW - Subtle pre-
excitation 

• Dilated cardiomyopathy 

• ARVC 

• LVNC

• Exercise induced VT

• CPVT

• Marfan Syndrome



A LOOK AT THE DATA…

• 1997 – Nevada H.S. study (Fuller, Med Sci Sports Exer)
• 5615 young athletes screened

• 5033 with Nl Hx/PE/ECG

• 582 with AbNl Hx/PE/ECG >> echo

• 99.6% approved for athletics

• Not approved = 1 severe AI, 5 severe HTN, 16 
arrhythmias/conduction abnormalities



A LOOK AT THE DATA…

• 1998 – Italy (Corrado, NEJM, 1998)
• Athletes required to have annual clinical eval (Hx/PE/ECG/step test) in order to 

compete since 1971

• 33,735 athletes (< 35 y.o.) over 17 years

• 269 SDs 

• 220 non-athletes – (0.75 per 100,000 population/yr)

• 49 athletes – (1.6 per 100,000 population/yr) 

• Most common C.O.D. = ARVC 22%, atheroscler CAD 18%, anom cor
12%

• HCM – only 1 death

• PRE-participation “screen” >> 10 had ST abnormalities, 8 had vent 
arrhy.

• 1058 disqualified (58.7% cardiac)

• 38% rhythm and conduction abnl, 27% HTN, 21% valvular diseases, 3.5% 
HCM



REDUCTION IN SCD IN ATHLETES AFTER “ECG 
SCREENING” IMPLEMENTED IN ITALY



SUDDEN DEATH IN ISRAELI ATHLETES

• 24 year study from newspaper accounts

• 1997 – Israel passed law requiring athletes to have annual 

ECG (all athletes) and exercise testing (every 4 years for those 

17-34 and yearly for those 35 and over)

• Incidence of SD was 2.54/100,000 athlete-yrs before ECG law 

and 2.66 after the law



COMPARISON OF SUDDEN DEATH IN 
ATHLETE STUDIES

From Steinvil, JACC, 2011





Sheikh, Circ, 2014



Sheikh, Circ, 2014



HOW DO WE DEFINE COST EFFECTIVE?

• Tough question when the bottom line is 

possibly preventing sudden death in a young 

patient
• How much dollar worth do you place on a single life

• It comes down to the gamble of the risk of someone dying versus 

an acceptable expenditure



DOING THE MATH
Assumes 10 million Middle and High School athletes

CMS reimbursements:
Personal & family hx with physical = $25
ECG = $50

Subtotal = $750 Million

Positive Hx or PE in 15% results in 2nd Hx and PE ($100) 
with echo ($400)

Subtotal = $750 Million

Total = $1.5 Billion (yes, with a “B”) per year

Total doesn’t include administrative and operating 
costs, plus other additional medical expenses to add 
another $500 million

This comes to $330,000 per athlete with suspected relevant 
cardiac disease

The cost of preventing each theoretic death is $3.4 million
Maron, Circ 2007



From Maron, JACC, 2014 

Where should we devote most of our resources?



SUMMARY

• There are critical measures to take following 

sudden cardiac arrest

• History, physical, family hx is crucial

• Blood sample for genetic testing 

• Congenital heart disease, 

channelopathies, and cardiomyopathies 

elevate the risk of sudden death

• Controversy remains regarding the use of 

ECGs to assess athletes 


